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(57) ABSTRACT

A method for preventing wrong-patient errors includes
receiving a selection of a current imaging subject. The
current 1maging subject 1s selected for a current i1mage
acquisition session comprising capturing one or more cur-
rent 1mages of the current imaging subject utilizing at least
a {irst 1image sensor system of a first imaging modality. The
method 1includes accessing one or more previous 1mages of
a previous 1maging subject. The one or more previous
images depict the previous imaging subject according to at
least a second 1imaging modality that 1s different from the
first imaging modality. The method includes presenting the
one or more previous 1mages on a display system and, 1n
response to determining that the previous imaging subject
matches the current imaging subject based upon the one or
more previous 1mages, performing the current image acqui-

s1t10n session.
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Ref:ewmg A Selection Of A Current Imaging Subject, The Current Imaging Subject Bemg
-~ Selected For A Current Image Acquisition Session Comprising Capturing One Or More
Current Images Of The Current Imaging Subject Utilizing At Least A First Image Sensor |
’ System Of A First Emag ng Modality 5

L______________________________________________________________________________________________________q___________ ____________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________

ffwcessmg A Set Of One Or More Previous Images Of A Previous imaging Subject The
One Or More Previous images Depicling The Previous imaging Subiect According To At
- Least A Second Imaging Modality That Is D;ﬁerent From The First imaging Modality

Presenting The One Or More Pravious images On A Display System

e e T8

 in Response To Determining That The Previous Imaging Subject Matches The Current |
j imaging Subject Based Upon The One Or More Previous images Of The Second l
-~ Imaging Modality, Pertorming The Current Image Acquisition Session By Captuning the |

One Or More Current Images Of The Current imaging Subject Utilizing Al Least The F’arst
image Sensor System Of The First imaging Modality -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Assecgatmg The One Or More Current images With The Previous Imaging Subject W;thm
A Subject Data Repository -
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Raceiving A Sslection Of A Current Imaging Subject, The Current Imaging Subject Being |
Setected For A Current Image Acquisition Session Comprising Capluring One Or More
- Current Images Of The Current Imaging Subject Utilizing At Least A First Image Sensor
: system Of A First Imaging Modalily f
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Of A Previous imagmg Sub;ect

Van 806 .

~ In Response To Determining That The Previous Imaging Subject Matches The Current |

Imaging Subject Based Upon The One Or More Previous Audio Recordings Or The Ong |

i Or More Voice Signatures, Performing The Current Image Acquisition Session By |
Captnrmg The One Or More Current Images Of The Current imaging Subject Utilizing At

' Least The First Image Sensor System Of The First imaging Modality '
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Capturing One Or More Images Of A Structure
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Accessing An Indication Of One Or More Intended Struciure Attributes, The One Or More

intended Structure Altributes Being Selected To Be Embodied By The Structurs Emaged
During A Currant image Acquisition Session

Determining One Or More imaged Structure Altributes By Utilizing The One Or More
Images Of The Structure As Input To One Or More Artificial intelligence Modules
Configured To Determine Structure Altributes Based Upon Input imagery, The One Or
More Imaged Structure Altributes Compnising Output OF The One Or More Artificial
iﬁte;izgence Moduiles

B Vo s Vo (9

~ In Response To Determining One Or More in Response 1o Determining No
- Discrepancies Between The One Or More Discrepancies Exist Between The One Or
- imaged Structure Atiributes And The Cne Or | More imaged Structure Attributes And The
5 More intended Shucture Allributes, One Or More Intended Structure Attributes, |
Presenting A Notification On A User Enable Performance Of A Current Imaging
interface Session Using A First Imaging Medaiity

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

FIG. 9
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SYSTEMS AND METHODS FOR
PREVENTING ERRORS IN MEDICAL
IMAGING

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

The invention was made with government support under
Award #1853142 SBIR Phase II: Point-of-Care Patient Pho-
tography Integrated with Medical Imaging awarded by the
National Science Foundation. The government may have
certain rights 1n the mvention.

BACKGROUND

Advances 1n computing technology have resulted in a
concomitant advance 1n medical device technologies,
including within the field of diagnostic medicine. Particu-
larly, the past century has demonstrated significant advances
in medical 1maging devices. Such advances have been
hallmarked by the improvement and advent of new radio-
logic devices, such as radiography, computed tomography
(CT), magnetic resonance imaging (MRI), and other radio-
logic imaging systems that allow for the non-invasive view-
ing and exploration of internal structures of the body. These
medical 1maging technologies allow physicians and clini-
cians to better document, diagnose, and treat pathologies.

Unfortunately, medical imaging studies are prone to mis-
labeling, such as associating the wrong demographic infor-
mation (e.g., a different patient’s name and medical record
number) to a patient’s 1imaging examination. Patient mis-
identification errors in medical imaging can result 1n serious
consequences, such as the misdiagnosis of a disease state or
the application of an inappropriate treatment regimen. Fur-
thermore, the failure to properly associate a medical image
study and patient i1dentification may propagate to future
imaging studies and negatively aflect patient management
decisions.

For example, an exemplary wrong-patient error case 1s
illustrated 1n FIGS. 1A and 1B. The radiograph 1llustrated 1n
FIG. 1A 1s a radiograph obtained from a 43-year old black
male following coronary artery bypass graiting and who has
a left ventricular assist device and an implantable defibril-
lator. The patient presented with heart failure, and the
healthcare personnel recruited to evaluate this radiograph
presumed the radiograph illustrated in FIG. 1B to be a
radiograph from the same patient captured at an earlier
timepoint. However, the radiograph of FIG. 1B 1s actually a
radiograph of a 64-year old white male who had undergone
bilateral lung volume reduction surgery for chronic obstruc-
tive pulmonary disease. The radiograph of FIG. 1B was
intentionally mislabeled as an earlier radiograph of the
patient illustrated in the radiograph of FIG. 1A. When
presented to seasoned radiologists for diagnosis, 4 out of 4
readers failed to 1dentily the mislabeling error and assumed
that the patient had suffered a myocardial infarction and
complications from surgery in the interim. In general, the
nature of radiologic planar and cross-sectional 1mages
makes 1t diflicult to correctly correlate radiologic medical
images with patient details absent other 1dentifying charac-
teristics. As 1n the foregoing example, obvious age and racial
differences between the patients of the mislabeled radio-
graphs were completely lost or unobservable within the
radiologic 1mages, making it diflicult for radiologists to
identily the error.

Accordingly, there 1s a need to mimimize or prevent
mislabeling of radiologic images.
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The subject matter described herein 1s not limited to
embodiments that solve any disadvantages or that operate
only in environments such as those described above. Rather,
this background 1s only provided to illustrate one exemplary
technology area where some embodiments described herein
may be practiced.

BRIEF SUMMARY

Disclosed embodiments are directed to systems, devices,
and methods for preventing errors in medical imaging (e.g.,
wrong-patient errors, laterality errors).

In one aspect, a computer-implemented method for pre-
venting wrong-patient errors icludes receiving a selection
of a current imaging subject. The current imaging subject 1s
selected for a current 1image acquisition session comprising,
capturing one or more current images of the current imaging
subject utilizing at least a first image sensor system of a first
imaging modality. The computer-implemented method fur-
ther includes accessing a set of one or more previous 1mages
of a previous 1maging subject. The one or more previous
images of the previous 1maging subject are associated with
one or more 1mage capture timepoints that temporally pre-
cede the current image acquisition session. The one or more
previous 1mages depict the previous imaging subject accord-
ing to at least a second 1maging modality that i1s difierent
from the first imaging modality. The computer-implemented
method further includes presenting the one or more previous
images on a display system and, 1n response to determining
that the previous 1imaging subject matches the current 1mag-
ing subject based upon the one or more previous 1images of
the second 1imaging modality, performing the current image
acquisition session by capturing the one or more current
images ol the current imaging subject utilizing at least the
first 1mage sensor system of the first imaging modality.

In one aspect, a computer-implemented method for pre-
venting wrong-patient errors mcludes receiving a selection
of a current imaging subject. The current imaging subject 1s
selected for a current 1mage acquisition session comprising,
capturing one or more current 1images of the current imaging
subject utilizing at least a first image sensor system of a first
imaging modality. The computer-implemented method fur-
ther includes accessing one or more previous audio record-
Ings Or one or more voice signatures of a previous 1maging
subject, and, in response to determining that the previous
imaging subject matches the current imaging subject based
upon the one or more previous audio recordings or the one
Oor more voice signatures, performing the current image
acquisition session by capturing the one or more current
images ol the current imaging subject utilizing at least the
first 1mage sensor system of the first imaging modality.

In one aspect, a computer-implemented method for pre-
venting laterality errors includes capturing one or more
images ol a structure and accessing an indication of one or
more intended structure attributes. The one or more intended
structure attributes are selected to be embodied by the
structure 1maged during a current 1mage acquisition session.
The computer-implemented method further includes deter-
mining one or more 1maged structure attributes by utilizing
the one or more 1mages of the structure as input to one or
more artificial intelligence modules configured to determine
structure attributes based upon input imagery. The one or
more 1maged structure attributes comprise output of the one
or more artificial intelligence modules. The computer-imple-
mented method turther includes, 1n response to determining
one or more discrepancies between the one or more imaged
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structure attributes and the one or more intended structure
attributes, presenting a notification on a user 1nterface.

This Summary 1s provided to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

Additional features and advantages will be set forth 1n the
description which follows, and 1n part will be obvious from
the description, or may be learned by the practice of the
teachings herein. Features and advantages of the immvention
may be realized and obtained by means of the mstruments
and combinations particularly pointed out in the appended
claims. Features of the present invention will become more
tully apparent from the following description and appended
claims or may be learned by the practice of the invention as
set forth heremafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the manner 1n which the above recited
and other advantages and features of the disclosure can be
obtained, a more particular description of the disclosure
briefly described above will be rendered by reference to
specific embodiments thereof, which are illustrated in the
appended drawings. It 1s appreciated that these drawings
depict only typical embodiments of the disclosure and are
not therefore to be considered to be limiting of its scope. The
disclosure will be described and explained with additional
specificity and detail through the use of the accompanying
drawings in which:

FIG. 1A and FIG. 1B illustrate radiographs within a
simulated wrong-patient error case;

FIG. 2 illustrates example components of example sys-
tems that may comprise or implement the disclosed embodi-
ments;

FIG. 3 illustrates an example visible spectrum image
sensor coupled to a medical image sensor;

FIG. 4 A 1llustrates an example user interface of a medical
imaging system;

FIG. 4B, FIG. 4C, and FIG. 4D illustrate example dis-
playable content for facilitating prevention of wrong-patient
errors based upon previously captured 1magery;

FIG. SA and FIG. 5B illustrate example displayable
content 1n association with acts for facilitating prevention of
wrong-patient errors based upon previously captured audio;

FIG. 6 illustrates a conceptual representation of prevent-
ing laterality errors; and

FIG. 7, FIG. 8, and FIG. 9 illustrate example flow
diagrams depicting acts associated with preventing errors 1n
medical 1maging.

DETAILED DESCRIPTION

Before describing various embodiments of the present
disclosure 1n detail, it 1s to be understood that this disclosure
1s not limited to the parameters of the particularly exempli-
fied systems, methods, apparatus, products, processes, and/
or kits, which may, of course, vary. Thus, while certain
embodiments of the present disclosure will be described 1n
detail, with reference to specific configurations, parameters,
components, elements, etc., the descriptions are illustrative
and are not to be construed as limiting the scope of the
claimed mvention. In addition, the particular example ter-
minology used herein 1s for the purpose of describing the
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4

embodiments and 1s not necessarily intended to limit the
scope of the claimed 1nvention.

As noted above, despite the numerous advances made 1n
the field of medical imaging, wrong-patient errors still occur
(e.g., where a medical imaging study of one patient becomes
associated with an incorrect patient who is/was not the
subject of the imaging study). Various protocols exist for
reducing wrong-patient errors, such as requiring verification
of at least two patient identifiers when radiologic images are
being obtained. Various patient identifiers may be used, such
as name, date of birth, social security number, hospital/
istitution registration number, and/or others. However,
such verification protocols are susceptible to many different
types of shortcomings/errors. For example, such verification
may not always be possible, including with, for example,
many trauma patients, patients who are unconscious or
mentally unsound, infants etc. Furthermore, even 1f a tech-
nologist correctly gathers the requisite 1dentifiers, it 1s dif-
ficult to verity with certainty that the identifiers have been
properly associated with the patient. For example, the
patient may have been given a mislabeled identification
bracelet, or some other mislabeling error could occur before
or after the point-of-care verification, which can lead to
errors 1n the canonical multi-parameter verification process.

As noted above, wrong-patient errors can lead to numer-
ous undesirable outcomes. For example, in the context of
medical 1maging, a medical 1maging technologist may
intend to conduct a medical imaging study of an intended
patient for whom a previous medical 1maging study was
conducted (e.g., to facilitate longitudinal, multi-timepoint
analysis of a medical condition of the intended patient).
Various errors may occur causing the technologist to con-
duct the medical imaging study on a different patient who 1s
different than the intended patient. The resulting medical
imagery of the diflerent patient may become wrongly asso-
ciated with the intended patient, causing a wrong-patient
error. If the wrong-patient error 1s not subsequently detected,
treatment or other decisions for the intended patient may be
wrongly influenced by the images depicting the different
patient. Even 1f the wrong-patient error 1s then subsequently
identified 1n a retroactive manner, the different patient may
have been unnecessarily exposed to harmful radiation asso-
ciated with the medical imaging, and costs associated with
unnecessarily running/operating the medical imaging equip-
ment may be wasted.

The present disclosure relates at least to systems, meth-
ods, and devices for preventing wrong-patient errors. The
embodiments disclosed herein may be implemented at the
point of medical 1image acquisition, or prior to the point of
medical 1image acquisition, to enable pro-active prevention
ol wrong-patient errors. By proactively preventing wrong-
patient errors from being stored or recorded within patient
databases, the disclosed embodiments may prevent many of
the 1nefliciencies and dangers associated with reliance on
wrong associations between medical images (and/or other
medical mnformation) and patients (e.g., unnecessary radia-
tion exposure, waste ol 1maging resources/time, medical
misdiagnosis, medical mistreatment, and/or others).

At least some disclosed embodiments are directed to
preventing wrong-patient errors by presenting previous-
timepoint imagery of a patient selected for a current imaging
study. The previous-timepoint 1imagery may be associated
with the identity of the selected patient within a patient
database. For example, the previous-timepoint imagery may
have been captured and stored in association with the
identity of the selected patient during a previous imaging
study of the selected patient. The previous timepoint imag-
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€ry may comprise one or more images ol a diflerent modal-
ity than the modality/modalities of at least some of the
imagery to be captured via the current imaging study. For
example, the previous-timepoint imagery may comprise
visible-light imagery (e.g., RGB imagery, and/or other imag-
ery such as ultrasound 1magery), whereas the current 1imag-
ing study may include capturing radiograph images of the
patient.

The previous-timepoint 1imagery may be presented to a
medical 1imaging technologist to allow the technologist to
ascertain whether the patient currently present with the
technologist corresponds to the patient selected for the
current imaging study. If the technologist determines that the
current patient and the selected patient match, the technolo-
g1st may proceed with the imaging study, and the newly
captured 1mages ol the selected patient may be properly
associated with the patient’s 1dentity within a database. 11 the
technologist determines that the current patient and the
selected patient do not match, the technologist may refrain
from 1maging the current patient, thereby refraining from
unnecessarily exposing the current patient to potentially
harmiul radiation and preventing downstream errors that
might result from storing the captured 1magery 1n associa-
tion with the selected patient.

At least some disclosed embodiments are directed to
preventing wrong-patient errors based upon previous-time-
point audio recordings of a patient selected for a current
imaging study. The previous-timepoint audio recordings
may be associated with the identity of the selected patient
within a patient database. In some instances, the previously
captured audio recording(s) may be presented to a technolo-
g1st prior to commencing the current imaging study to allow
the technologist to compare the previously recorded audio
for the selected patient to vocalizations of the patient who 1s
currently present with the technologist, thereby allowing the
technologist to ascertain whether the patient currently before
them corresponds to the patient selected for the current
imaging study. I1 the technologist determines that the current
patient and the selected patient match, the technologist may
proceed with the imaging study, and the newly captured
images ol the selected patient may be properly associated
with the patient’s identity within a database (the newly
captured 1image(s) may include video and/or accompanying
audio). If the technologist determines that the current patient
and the selected patient do not match, the technologist may
refrain from 1maging the current patient, thereby refraining
from unnecessarily exposing the current patient to poten-
tially harmful radiation and preventing downstream errors
that might result from storing the captured imagery in
association with the selected patient.

In some instances, previous-timepoint audio recordings
are utilized to generate a voice signature or voiceprint for a
selected patient, and the voice signature or voiceprint 1s
associated with the identity of the selected patient within a
patient database. To determine whether a patient physically
present for an 1maging study corresponds to a patient
selected for a current 1imaging study, the physically present
patient may be prompted to speak, and their vocalization(s)
may be recorded and assessed against the voice signature or
voiceprint (e.g., via a voice authentication operation) stored
for the selected patient to determine whether the physically
present patient corresponds to the selected patient. If the
identity of the physically present patient matches the identity
of the selected patient based upon the voice authentication,
the 1imaging study of the physically present patient may
proceed. It the identity of the physically present patient does
not match the identity of the selected patient based upon the
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voice authentication, the imaging study of the physically
present patient may be prevented.

Some embodiments are directed to preventing medical
imaging errors associated with capturing and/or storing
medical imagery of incorrect patient bodily structures. Such
errors often occur in the form of wrong-side errors or
laterality errors, where a bodily structure associated with a
particular side of a patient’s body 1s intended for medical
imaging (e.g., a patient’s left arm), but a bodily structure
associated with the other side of the patient’s body becomes
medically imaged (e.g., the patient’s right arm).

Accordingly, at least some disclosed embodiments are
directed to capturing initial images of a patient’s bodily
structure that 1s targeted for a medical imaging study. The
initial 1images may be captured utilizing visible light image
sensors and/or other 1image sensor types that do not subject
the imaged structure to harmful radiation. Image data of the
initial 1mages may be processed utilizing one or more
artificial intelligence modules (e.g., convolutional neural
networks) to determine imaged structure attributes of the
patient’s bodily structure, such as laterality of the structure.
The 1maged structure attributes may be compared to
intended structure attributes for the medical imaging study.
The mtended structure attributes may be obtained, for
example, from a medical imaging request, schedule, queue,
ctc. If the mmaged structure attributes correspond to the
intended structure attributes (e.g., indicating that laterality of
the targeted bodily structure matches the intended structure
laterality for medical imaging), the medical 1imaging study
of the targeted bodily structure may proceed. If the imaged
structure attributes fail to correspond to the intended struc-
ture attributes (e.g., indicating that laterality of the targeted
bodily structure does not match the intended structure lat-
erality for medical 1imaging), the medical imaging of the
targeted bodily structure may be prevented.

Having just described some various high-level features
and benefits of the disclosed embodiments, attention will
now be directed to FIGS. 2 through 9. These Figures
illustrate various conceptual representations, components,
architectures, methods, and supporting illustrations related
to the disclosed embodiments.

Example Systems and Techniques for Preventing
Errors 1n Medical Imaging

FIG. 2 illustrates example components of example sys-
tems that may comprise or implement the disclosed embodi-
ments. For example, the components illustrated 1n FIG. 2
include processor(s) 202, storage 204, sensor(s) 210, mput/
output system(s) 218 (I/O system(s) 218), and communica-
tion system(s) 220. Although FIG. 2 illustrates particular
components, one will appreciate, 1n view of the present
disclosure, that systems for implementing the disclosed
embodiments may comprise any number of additional or
alternative components (as indicated by the ellipsis).

The processor(s) 202 may comprise one or more sets of
clectronic circuitries that include any number of logic units,
registers, and/or control units to facilitate the execution of
computer-interpretable instructions (e.g., mstructions that
form a computer program). Such computer-interpretable
instructions may be stored within storage 204. The storage
204 may comprise physical system memory and may be
volatile, non-volatile, or some combination thereof. Further-
more, storage 204 may comprise local storage, remote
storage (e.g., accessible via communication system(s) 220 or
otherwise), or some combination thereof. Additional details
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related to processors (e.g., processor(s) 202) and computer
storage media (e.g., storage 204) will be provided herein-
after.

In some 1implementations, the processor(s) 202 may com-
prise¢ or be configurable to execute any combination of
soltware and/or hardware components that are operable to
tacilitate processing using machine learming models or other
artificial intelligence-based structures/architectures. For
example, processor(s) 202 may comprise and/or utilize
hardware components or computer-executable instructions
operable to carry out function blocks and/or processing
layers configured 1n the form of, by way of non-limiting
example, single-layer neural networks, feed forward neural
networks, radial basis function networks, deep feed-forward
networks, recurrent neural networks, long-short term
memory (LSTM) networks, gated recurrent units, autoen-
coder neural networks, variational autoencoders, denoising
autoencoders, sparse autoencoders, Markov chains, Hop-
field neural networks, Boltzmann machine networks,
restricted Boltzmann machine networks, deep beliel net-
works, deep convolutional networks (or convolutional neu-
ral networks), deconvolutional neural networks, deep con-
volutional inverse graphics networks, generative adversarial
networks, liquid state machines, extreme learning machines,
echo state networks, deep residual networks, Kohonen net-
works, support vector machines, neural Turing machines,
and/or others.

As will be described 1n more detail, the processor(s) 202
may be configured to execute instructions 206 stored within
storage 204 to perform certain actions associated with
preventing errors in medical imaging. The actions may rely
at least 1n part on data 208 stored on storage 204 1n a volatile
and/or non-volatile manner.

In some 1nstances, the actions may rely at least 1n part on
communication system(s) 220 for recerving data from
remote system(s), which may include, for example, separate
systems or devices, sensors, servers, cloud resources/ser-
vices, and/or others. The communications system(s) 220
may comprise any combination of software or hardware
components that are operable to facilitate communication
between on-system components/devices and/or with ofl-
system components/devices. For example, the communica-
tions system(s) 220 may comprise ports, buses, or other
physical connection apparatuses for communicating with
other devices/components. Additionally, or alternatively, the
communications system(s) 220 may comprise systems/coms-
ponents operable to communicate wirelessly with external
systems and/or devices through any suitable communication
channel(s), such as, by way of non-limiting example, Blu-
etooth, ultra-wideband, WLAN, infrared communication,
and/or others.

FIG. 2 illustrates that a system for implementing the
disclosed embodiments may comprise or be in communica-
tion with I/O system(s) 218. IO system(s) 218 may include
any type ol input or output device such as, by way of
non-limiting example, a touch screen, a mouse, a keyboard,
a controller, and/or others, without limitation. For example,
the I/O system(s) 218 may include a display system that may
comprise any number of display panels, optics, laser scan-
ning display assemblies, and/or other components.

Furthermore, FIG. 2 1illustrates that a system for imple-
menting the disclosed embodiments may comprise or be in
communication with sensor(s) 210. Sensor(s) 210 may com-
prise any device for capturing or measuring data represen-
tative of perceivable or detectable phenomena. By way of
non-limiting example, the sensor(s) 210 may comprise one
Or more 1mage sensors, microphones (e.g., microphone(s)
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216), thermometers, barometers, magnetometers, acceler-
ometers, gyroscopes, and/or others. FIG. 2 indicates that
various types of 1image sensors are within the scope of the
present disclosure. For imnstance, FIG. 2 depicts that the
sensor(s) 210 may comprise visible light sensor(s) 212 and
medical 1imaging sensor(s) 214. Visible light sensor(s) 212
may comprise charge-coupled device (CCD) image sensors,
complementary metal-oxide-semiconductor (CMOS) image
sensors, single photon avalanche diode (SPAD) image sen-
sors, and/or any other type of 1mage sensor configured to
detect photons within (but not limited to) at least a portion
of the visible spectrum (e.g., between about 380 nm and
about 750 nm) to capture imagery (e.g., intensity or gray-
scale 1images, RGB 1mages, and/or others).

Medical imaging sensor(s) 214 may comprise any type of
device for capturing 1images of patients within a medical use
context (e.g., medical assessment/diagnostic purposes, treat-
ment assessment purposes, etc.). Medical imaging sensor(s)
214 may include, by way of non-limiting example, radiog-
raphy devices (e.g., x-ray devices, computed tomography
(CT) devices, positron emission tomography (PET) devices,
nuclear medicine 1imaging devices, and/or others), magnetic
resonance 1maging (MM) devices, ultrasound devices, and/
or others.

The components shown 1n FIG. 2 may be implemented 1n
various types and/or combinations ol systems/devices to
facilitate prevention of medical 1imaging errors i1n accor-
dance with the present disclosure. For example, any number
of the components discussed hereinabove with reference to
FIG. 2 may be implemented 1n association with radiography
system(s) 222, Mill system(s) 224, ultrasound system(s)
226, and/or other system(s) 228. For example, radiography
system(s) 222 may be implemented 1n the form of a portable
digital radiography (DR) machine, with wisible light
sensor(s) 212 coupled to the medical imaging sensor(s) 214
components of the DR machine.

Attention 1s briefly directed to FI1G. 3, which illustrates an
example 1solated representation of an X-ray head 302 of a
portable DR machine 300 (other components such as wires,
handles, etc. are omitted for clarity). The portable DR
machine 300 may comprise a radiography system 222 as
discussed hereinabove with reference to FIG. 2. The X-ray
head 302 includes an X-ray source 304 for emitting X-ray
radiation to facilitate radiograph acquisition. The X-ray
source 304 (combined with an X-ray detector) may comprise
medical 1maging sensor(s) 214 as described above with
reference to FIG. 2. FIG. 3 also illustrates an example
camera system 306 associated with the portable DR machine
300. The camera system 306 includes an 1image sensor 308
(e.g., visible light sensor(s) 212, discussed hereinabove with
reference to FIG. 2) and a camera controller 310 (e.g.,
processor(s) 202 and/or storage 204, discussed heremnabove
with reference to FIG. 2) to facilitate photograph and/or
video acquisition (the camera system 306 may accordingly
comprise or be associated with one or more microphones to
capture audio to accompany acquired video).

FIG. 3 illustrates the camera system 306 1s mounted or
coupled to the X-ray head 302, thereby enabling easy use of
the camera system 306 in conjunction with the X-ray head
302. For example, a medical imaging session may include
capturing visible light images of a patient (utilizing the
camera system 306) belfore, substantially contemporaneous
with, or after capturing X-ray images of the patient (utilizing,
the X-ray source 304 and an X-ray detector).

Although not illustrated in FIG. 3, a portable DR machine
300 may additionally or alternatively be associated with
microphone(s) 216. The microphone(s) 216 may be
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mounted to the X-ray head 302, to another portion of the
portable DR machine 300, or be uncoupled from the portable
DR machine 300. In some istances, the microphone(s) 216
1s/are part of the camera system 306. The microphone(s) 216
may enable audio recordings of a patient to be captured
betfore, contemporaneous with, or after capturing of medical
images of the patient pursuant to a medical 1imaging session
for the patient.

One will appreciate, 1n view of the present disclosure, that
visible light sensor(s) 212 may be mounted to, coupled with,
or otherwise integrated into or associated with other types of
medical imaging sensors, such as CT devices, MRI devices,
ultrasound devices, etc.

Medical images (e.g., captured via the X-ray source 304
and an X-ray detector of the portable DR machine 300),
visible light images (e.g., captured utilizing the camera
system 306), and/or recorded audio (e.g., captured utilizing
microphone(s) 216) acquired pursuant to a medical imaging
session for a particular patient may be stored 1n association
with the identity of the particular patient. For example, FIG.
2 shows that the radiography system(s) 222, the MRI
system(s) 224, the ultrasound system(s) 226, and/or the
other system(s) 228 may be 1 communication with a
network 230. The network may comprise one or more links
that enable the transport of information between and/or
among systems, modules, and/or devices. FIG. 2 also 1llus-
trates server(s) 232 in communication with the network 230
and therefore 1n communication with the radiography sys-
tem(s) 222, the MRI system(s) 224, the ultrasound system(s)
226, and/or the other system(s) 228. The server(s) 232 may
comprise any of the components discussed hereinabove with
reference to FIG. 2, such as processor(s) 202, storage 204,
I/O system(s) 218, communication system(s) 220, efc.

The server(s) 232 may be configured to receive and store
information from the radiography system(s) 222, the MRI
system(s) 224, the ultrasound system(s) 226, and/or the
other system(s) 228 in association with particular patients.
The server(s) 232 may thus operate similar to a patient
database and/or a picture archiving and communication
system (PACS). For example, a radiography system 222
(e.g., portable DR machine 300) may be utilized to capture
one or more X-ray images, visible light images, and/or audio
recordings of a human patient named “Einstein, Albert”
pursuant to a medical imaging session for “Finstein, Albert™.
The server(s) 232 may receive and store the medical images,
visible light images, and/or recorded audio (e.g., over the
network 230 via communication system(s) 220) in associa-
tion with the identity of “Finstein, Albert” such that the
information becomes accessible to make diagnostic, treat-
ment, and/or other decisions for “Einstein, Albert” (one will
appreciate that other patient 1identifiers 1n addition to patient
name may be used, such as birthday, medical record number,
etc.). For instance, “Einstein, Albert” may receive a medical
treatment over time, and medical 1images may be captured
for

Einstein, Albert” over several timepoints to assess
cllectiveness of the medical treatment. Such assessment
over time would rely on proper association ol medical
images for “Finstein, Albert” with the 1dentity of “Einstein,
Albert” within the server(s) 232. As will be described in
more detail hereinbelow, the storage of visible light images
and/or patient audio, in addition to medical 1mages, 1n
association with patient identity may contribute to facilitat-
ing avoidance of errors in medical 1imaging (e.g., wrong-
patient errors).

FIG. 4A illustrates an example user interface 402. The
user intertace 402 comprises an I/0 system 218 of a medical
imaging system (e.g., radiography system(s) 222, the MM
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system(s) 224, the ultrasound system(s) 226, and/or the
other system(s) 228). The user interface 402 may be one of
multiple user iterfaces associated with the medical imaging
system. For example, the user interface 402 may be asso-
ciated with control of visible light sensor(s) 212 and/or
microphone(s) 216 of the medical imaging system, whereas
the medical 1maging system may comprise one or more
other user interfaces associated with control of medical
imaging sensor(s) 214. Alternatively, the user interface 402
may be associated with control of the medical 1maging
sensor(s) 214 and may be separate from one or more other
user interfaces of the medical imaging system for facilitating,
control of the visible light sensor(s) 212 and/or micro-
phone(s) 216 of the medical imaging system. As yet another
alternative, the user interface 402 may comprise a combined
user interface that controls the visible light sensor(s) 212, the
medical 1imaging sensor(s) 214, and/or the microphone(s)
216.

Although the user interface 402 of FIG. 4A 1s 1llustrated
as a touch screen interface, other types of user interfaces
(e.g., I/O system(s) 218) are within the scope of the present
disclosure.

FIG. 4B, FIG. 4C, and FIG. 4D illustrate example dis-
playable content for facilitating prevention of wrong-patient
errors based upon previously captured imagery. The discus-
sion of FIGS. 4B, 4C, and 4D will follow from the example
given above of an imaging session previously performed for
“Finstein, Albert”. One will appreciate, in view of the
present disclosure, that the particular examples given in
reference to the Figures are provided by way of 1llustration
and explanation only, and are not limiting of the principles
disclosed herein.

Continuing with this example, based upon the previous
imaging session for “Einstein, Albert”, one or more medical
images (e.g., captured via the X-ray source 304 and X-ray
sensors of the portable DR machine 300) and one or more
visible light images (e.g., captured via the camera system
306 of the portable DR machine 300) were stored in asso-
ciation with the identity of “Einstein, Albert” (e.g., within
the server(s) 232). The discussion of FIGS. 4B, 4C, and 4D
illustrates example acts that may be performed to facilitate
capturing and storage of additional, updated, or current
medical images of “Finstein, Albert” 1n a manner that avoids
wrong-patient errors (e.g., capturing images ol a human
subject who 1s diflerent from “Finstein, Albert” and storing
such 1mages in association with the identity of “Einstein,
Albert” within the patient database).

FIG. 4B 1llustrates the user interface 402 of FIG. 4A and
shows a patient worklist 404 that displays a plurality of
patient names 406. The user interface 402 may be operated
by a medical imaging technologist (or any other user) tasked
with acquiring additional medical images of “Finstein,
Albert”. The user mtertface 402 may thus receive a selection
408 of a current imaging subject (in this case, *

Einstein,
Albert”, a medical patient) for whom a current or updated
medical 1maging study 1s to be performed. The current
medical 1maging study may include capturing current or
updated medical images of the current imaging subject using
a medical 1mage sensor system (e.g., a first image sensor
system ol a first imaging modality). The medical image
sensor system may comprise medical imaging sensor(s) 214
of radiography system(s) 222, the MRI system(s) 224, the
ultrasound system(s) 226, and/or the other system(s) 228.
Although the example of FI1G. 4B illustrates receiving the
selection 408 via user mput provided at the user interface
402, the selection 408 may be received by a system 1n other
ways. For instance, the selection may be received by voice
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commands of the imaging subject or a technologist (or other
person) tasked with performing the imaging session. For
example, the technologist may dictate the name of the
patient for whom the current 1maging study 1s intended, and
the system may perform speech recogmition to determine a
name (and/or other patient identifying information) dictated
by the technologist to receive the selection based on the
name (and/or other patient identifying information) deter-
mined by speech recognition.

The example of FIG. 4B illustrates a “select” button 410
whereby a technologist (or other person) tasked with per-
forming the 1maging session may confirm the selection 408
of the current imaging subject patient for whom the current
imaging study 1s imtended (in this case, “Einstein, Albert”).
Responsive to receiving and/or confirmation of the selection
408 of the current imaging subject for whom the current
imaging study 1s mtended, a system may access (or obtain,
retrieve, receive, etc.) a set ol one or more previous 1mages
stored within the server(s) 232 (and/or any other data
repository of patients/imaging subjects) 1n association with
the patient identity indicated by the selection 408 (in this
case, “Einstein, Albert”). The one or more previous 1images
were captured at a previous timepoint (e.g., during a previ-
ous 1maging study) and depict a previous 1imaging subject
associated with the identity “Einstein, Albert” (i.e., the
intended subject of the current imaging study). The one or
more previous images may depict the previous imaging
subject according to an 1maging modality that 1s different
than the medical imaging modality intended for use to
capture medical 1mages during the current imaging study.
For instance, the one or more previous 1images may comprise
visible light images (e.g., captured utilizing visible light
sensor(s) 212), whereas the medical imaging modality for
the current imaging study may comprise radiographs, MRI
images, ultrasound images, etc. (e.g., captured utilizing
medical imaging sensor(s) 214).

FIG. 4C 1llustrates an example previous image 412 dis-
played on the user interface 402. As indicated above, the
previous 1mage 412 comprises a visible light image of a
previously captured patient that was stored within the
server(s) 232 1n association with the patient identified as
“Finstein, Albert”. By displaying the previous image 412 on
the user interface 402, a technologist may assess the patient
features shown 1n the previous 1mage 412 for comparison
with features of the current patient queued for the current
medical 1maging study to determine whether the current
patient matches the previously captured patient as repre-
sented 1n the previous 1image 412.

If the technologist determines that the patients are the
same (e.g., using the previous image 412), the technologist
may proceed with the current imaging study of the current
patient, such as by providing further user mput at the user
interface 402 (e.g., via selectable element 414) to confirm
that the i1denfity of the current (e.g., physically present)
patient queued for the current imaging study (putatively
“Finstein, Albert”) matches the previous patient as depicted
in the previous image 412 (also putatively

Einstein,
Albert”). FIG. 4D 1illustrates example content 416 that may
be displayed on the user interface 402 in response to
receiving a confirmation that the current patient matches the
previous patient (e.g., responsive to user input directed to the
selectable element 414).

In some instances, the medical imaging sensor associated
with the user interface 402 1s functionally prevented and/or
disabled from capturing medical images for the current
imaging study unless user input confirming that the previous
patient matches the current patient 1s received. Such func-
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tionality may protect patients from being wrongly exposed
to medical 1maging radiation and/or other side eflects of
medical imaging, and may contribute to prevention of down-
stream errors that can result from wrong-patient errors.

Proceeding with the current imaging study may include
capturing medical images of the current patient utilizing a
medical 1imaging system (e.g., medical 1maging sensor(s)
214 for capturing images of the first imaging modality). The
newly captured medical images may be stored 1n association
with the selected patient identity (e.g., “Einstein, Albert”)
within a patient data repository.

Alternatively, 11 the technologist determines that the 1den-
tity of the current patient does not match the identity of
previously 1maged patient as indicated by the previous
image 412, the technologist may refrain or be prevented
from proceeding with the current imaging study. For
example, the technologist may provide user input indicating
that the previous patient and the current patient do not match
(e.g., via sclectable element 418). Thus, by presenting
previous patient photographs at the point of current/updated
imaging as described above, capturing medical images of
incorrect or unintended patients may be avoided, and down-
stream errors that may result from incorrectly associating
wrong-patient images with patients within a patient database
may be avoided.

In some instances, the current imaging study further
includes capturing additional visible light images of the
current patient (e.g., utilizing visible light sensor(s) 212 to
capture 1mages of the second imaging modality). The newly
captured visible light images of the current patient may
additionally be stored 1n association with the selected patient
identity (e.g., “Einstein, Albert”) within a patient database.
The additional visible light images of the current patient
may be accessed later to verily that the identity of a future
patient for a future imaging study matches the 1dentity of the
current patient (e.g., to further prevent future potential
wrong-patient errors).

One will appreciate, 1n view of the present disclosure, that
the particulars of the example shown and described with
reference to FIGS. 4A through 4D are provided by way of
explanation only, and are not necessarily limiting of the
principles disclosed herein. For instance, different user inter-
faces and/or display systems than the user interface 402 of
FIGS. 4A through 4D may be utilized 1n accordance with the
present disclosure. For example, a previous image of a
patient may be pushed or otherwise transmitted to a display
device that 1s untethered from a medical imaging system for
display thereon (e.g., a smartphone, tablet, workstation,
etc.).

Although the foregoing example focuses on display of a
previous visible light image of a previous patient associated
with a selected identity of a current patient for a current
imaging study, other previously captured content may be
presented and/or utilized i accordance with the present
disclosure. For instance, previous medical imagery of the
previous patient may be displayed in addition to or in
combination with the visible light imagery of the previous
patient. Furthermore, 1t should be noted that multiple pre-
vious 1mages may be displayed, such as multiple previous
image frames that form video frames of a previously cap-
tured video of the previous patient (previously captured
audio may accompany the previously captured video).

As will be described in more detail hereinbelow, previ-
ously captured patient audio may be utilized to facilitate
prevention of wrong-patient errors.

FIG. 5A and FIG. 5B illustrate example displayable

content 1n association with acts for facilitating prevention of
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wrong-patient errors based upon previously captured audio.
Similar to the discussion of FIGS. 4B, 4C, and 4D, the
discussion of FIGS. 5A and 5B follows from the example
given above of an 1imaging session previously performed for
“Finstein, Albert”. Based upon the previous imaging $€s5101
for “Einstein, Albert”, one or more medical images (e.g.,
captured via the X-ray source 304 and X-ray sensors of the
portable DR machine 300) and one or more audio recordings
(e.g., captured via microphone(s) 216 associated with a
medical imaging system) were stored 1n association with the
identity of “Finstein, Albert” (e.g., within the server(s) 232).
The discussion of FIGS. SA and 5B 1llustrates example acts
that may be performed utilizing the previously stored patient
audio to {facilitate capturing and storage of additional,
updated, or current medical images of “Einstein, Albert” in
a manner that avoids wrong-patient errors.

FIG. SA illustrates a user interface 502 that corresponds
to the user interface 402 of FIG. 4B. The user interface 502
also 1includes a patient worklist 504 that displays a plurality
of patient names 506, with a selection 508 of a current
imaging subject (“Einstein, Albert”, a medical patient) for
whom a current or updated medical 1maging study 1s
intended to be performed (other modes of selecting the
current 1imaging subject are within the scope of the present
disclosure). As before, the current medical 1imaging study
may include capturing current or updated medical 1images of
the current 1maging subject using a medical 1image sensor
system (e.g., a first 1mage sensor system of a first imaging
modality), and the medical 1image sensor system may com-
prises medical 1maging sensor(s) 214 of radiography
system(s) 222, the MRI system(s) 224, the ultrasound sys-
tem(s) 226, and/or the other system(s) 228.

Responsive to recerving and/or confirmation of the selec-
tion 508 of the current imaging subject for whom the current
imaging study 1s mntended, a system may perform various
actions based upon the previously recorded patient audio
associated with “Einstein, Albert” to facilitate prevention of
wrong-patient errors. For example, FIG. 5B illustrates an
audio playback icon 510 and an audio recording 1con 512
displayed on the user nterface 502. Selection of the audio
playback 1con 510 may trigger accessing and/or playback
the previously stored patient audio associated with the
selected current 1maging subject (“Einstein, Albert”). The
previously stored patient audio includes vocalizations of the
previous i1maging subject as captured at the time of the
previous 1imaging study noted above. The previously stored
audio may be played back on a speaker (e.g., I/O system
218) associated with a medical imaging device and/or other
device (e.g., a smartphone, tablet, workstation, etc.).

By presenting the previously stored patient audio record-
ing(s) prior to performance of the current imaging study, a
technologist may assess the vocal attributes of the previous
imaging subject as represented in the previously stored
patient audio for comparison with vocal attributes of the
current patient queued for the current medical imaging study
to determine whether the current patient matches the previ-
ously captured patient as represented by the previously
stored patient audio recording(s). For instance, the previ-
ously stored patient audio may record the previous imaging
subject stating their name and birthday, and the current
imaging subject may similarly be prompted to state their
name and birthday (and/or other similar speech content) for
case of comparison of vocal attributes.

If the technologist determines that the previous patient
and the current patient match, the technologist may proceed
with the current imaging study of the current patient, such as
by providing further user mput at the user interface 502 (e.g.,
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via selectable element 514) to confirm that the 1dentity of the
current (e g.. physically present) patient queued for the
current 1mag1ng study (putatively “Einstein, Albert”)
matches the previous patient as represented by the previous
audio recording(s). As before, the medical imaging sensor
may be functionally prevented and/or disabled from captur-
ing medical images for the current imaging study unless user
input confirming that the previous patient matches the
current patient 1s received. Alternatively, 11 the technologist
determines that the i1dentity of the current patient does not
match the identity of previously imaged patient as indicated
by the previous patient audio recording(s), the technologist
may refrain or be prevented from proceeding with the
current 1maging study.

Additionally, or alternatively, selection of the audio
recording icon 512 may trigger capturing of a current audio
recording of the current 1maging subject. For example, the
current 1imaging subject may be prompted to state a certain
key phrase or dictate i1dentifying information (e.g., the
patient’s name, the patient’s birthday, etc.). The current
audio recording of the current imaging subject may be
utilized 1 a voice authentication operation to determine
whether the current 1maging subject matches the previous
imaging subject. For example, the previous audio
recording(s) associated with the identity of the selected
patient (e.g., “Einstein, Albert”) may be used to generate a
volce signature or voiceprint for the selected patient. The
volce signature or voiceprint may comprise a mathematical
model (e.g., a universal background model, a composite
model such as a DNN model, and/or others) of vocal
characteristics generated using the previous audio recording
(s) associated with the selected (previously imaged) patient.
The voice signature or voiceprint may be generated utilizing
various techniques, such as feature extraction approaches,
deep learning approaches, etc.

The current audio recording of the current imaging sub-
ject (e.g., captured responsive to selection of the audio
recording 1con 512) may be evaluated utilizing the voice
signature or voiceprint to determine whether the identity of
the current imaging subject who provided the vocalization(s)
for the current audio recording(s) matches the previous
imaging subject who provided the vocalization(s) for the
previous audio recording(s) (e.g., via a voice authentication
process or verification/scoring process).

I1 the voice authentication indicates a match between the
current patient and the previous patient, a system may enable
the current 1maging session to proceed (e.g., by unlocking
medical imaging functionality of the medical imaging sys-
tem). If the voice authentication indicates a mismatch
between the current patient and the previous patient, the
system may refrain from enabling the current imaging
session to proceed (e.g., by locking or maintaining disable-
ment of medical imaging functionality of the medical imag-
ing system, or by providing a notification on a user inter-
face).

Although the discussion of FIG. 5B provides an example
in which the previous audio recording playback functions
and the current audio recording functions are triggered by
selection of user interface elements (1cons 510 and 3512,
respectively), such functions may be triggered 1n response to
other triggering events (e.g., recerving of the selection 508,
which selection may take on forms that are different than the
user interface selection 508 shown in FIG. 3A). Further-
more, 1n some implementations, a system 1s configured to
facilitate only one of audio playback or voice authentication
as a means for preventing wrong-patient errors, whereas, 1n
some 1mplementations, a system provides both audio play-
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back and voice authentication functionality as means for
preventing wrong-patient errors. In some instances, a com-
bination of previous image/video presentation (e.g., see
FIGS. 4A through 4D and attendant description), audio
playback, and/or voice authentication 1s implemented on a
medical imaging system to prevent wrong-patient errors in
medical imaging.

FIG. 6 illustrates a conceptual representation of prevent-
ing laterality errors. In particular, FIG. 6 illustrates an
example representation ol preparation for an 1maging ses-
sion 602, in which an arm of a patient 1s targeted for medical
imaging (e.g., utilizing a portable DR machine 300).
Although an arm of a human patient i1s the target of the
imaging session 602, any type of structure (e.g., another
bodily structure of a human patient, or non-human 1maging
subject) may be the target of an 1maging session 1 accor-
dance with the present disclosure.

In the depiction of preparation for the 1maging session
602 1n FIG. 6, no medical imagery has yet been captured of
the patient’s arm pursuant to the imaging session 602. The
patient’s arm 1s only targeted for medical imaging (as
indicated by the i1lluminated crosshairs). The patient’s arm
may be targeted in accordance with predefined intended
structure attribute(s) 610, which may indicate particular
bodily structure attributes that are intended to be embodied
by the bodily structure that becomes imaged during the
imaging session 602. For instance, structure attribute(s) 610
may define the intended bodily structure (e.g., arm, leg,
chest, portions thereof, etc.) for which medical 1imaging 1s
desired/needed, and/or the intended laterality of the specific
bodily structure (e.g., left, right). For example, the intended
structure attribute(s) 610 may be based upon a physician’s
order for X-ray imaging of the patient’s right humerus. A
technologist may then utilize the intended structure
attribute(s) 610 to arrange the medical imaging system (e.g.,
a portable DR machine 300) to capture the portion of the
patient’s body specified by the intended structure attribute(s)
610.

Laterality errors sometimes arise, however, when a tech-
nologist incorrectly interprets or incorrectly carries out
intended structure attribute(s) 610 for a medical 1maging
session. For example, where the intended structure
attribute(s) 610 indicate that imaging 1s to be performed on
a patient’s right humerus, a technologist may inadvertently
target the patient’s left humerus for medical imaging, which
may result 1n a laterality error and other downstream con-
sequences.

To prevent such laterality errors, a visible light sensor 212
(e.g., a camera system 306 of a portable DR machine 300)
may be utilized to capture visible light image(s) 604 of the
patient bodily structure that 1s currently targeted by the
medical 1maging sensor (e.g., the X-ray head 302 of the
portable DR machine 300) for the imaging session 602. I
the example of FIG. 6, the visible light image(s) 604 may
capture the right arm of the patient. The wvisible light
image(s) 604 comprise a diflerent imaging modality than the
medical imaging modality associated with the imaging ses-
sion 602 (e.g., X-ray). The visible light image(s) 604 are
captured prior to any medical images for the imaging session
602 and may therefore be regarded as “initial 1mages”™.

FI1G. 6 illustrates that the visible light image(s) 604 (or at
least a portion thereol) may be utilized as mput to artificial
intelligence module(s) 606 (Al module(s) 606). The Al
module(s) 606 are configured/trained to output attributes of
structures represented in the visible light image(s) 604 (e.g.,
imaged structure attribute(s) 608) based upon input imagery/
image data. Such imaged structure attribute(s) 608 may
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comprise the laterality of imaged structures (e.g., “1maged
laterality”) and/or structure type for imaged structures. The
Al module(s) 606 may be trained utilizing training data
comprising 1mages ol bodily structures (and/or other envi-
ronmental markers/structures that may be implemented in
medical imaging sessions) that are associated with labels/
tags indicating laterality and/or structure type. The Al mod-
ule(s) 606 may comprise any type ol artificial intelligence
architecture, such as one or more convolutional neural
networks.

In the example of FIG. 6, the imaged structure attribute(s)
608 as determined via the Al module(s) 606 may indicate an
imaged laterality of “right”. The wmaged structure
attribute(s) 608 may be compared to the intended structure
attribute(s) 610 to determine whether a discrepancy exists,
in accordance with decision block 612 of FIG. 6. When no
discrepancy 1s detected between the imaged structure attri-
bute(s) 608 and the intended structure attribute(s) 610 (e.g.,
the 1maged structure attribute(s) 608 indicates an 1imaged
laterality of “right” and the intended structure attribute(s)
610 indicates an mtended laterality of “right”), the 1imaging
session 602 may be permitted to proceed, 1n accordance with
act 616 of FIG. 6 (e¢.g., medical imaging acquisition func-
tionality for the medical imaging system may be conditioned
on detecting no discrepancy between the intended structure
attribute(s) 610 and the imaged structure attribute(s) 608,
and/or a notification may be presented indicating that a
technologist may proceed with the medical imaging session
602).

In contrast, when a discrepancy 1s detected between the
imaged structure attributes 608 and the intended structure
attribute(s) 610 (e.g., the 1imaged structure attribute(s) 608
indicates an 1maged laterality of “right” and the intended
structure attribute(s) 610 indicates an intended laterality of
“left’”), a notification may be presented, in accordance with
act 618 of FIG. 6. The notification may take on various
forms, such as an audible alert and/or a visual alert provided
on a user interface associated with the medical 1maging
system to prevent the technologist from proceeding with the
imaging session 602. Additionally, or alternatively, the
medical 1imaging system may enter or remain in a locked
state preventing the 1maging session 602 from proceeding
when a discrepancy 1s detected between the imaged structure
attribute(s) 608 and the intended structure attribute(s) 610.
Such functionality may thus prevent wrong-patient errors
from being recorded in patient medical image databases.

In some 1nstances, a system may present the input and/or
output of the Al module(s) 606 (e.g., the visible light
image(s) 604 and/or the imaged structure attribute(s) 608) to
allow a human user (e.g., the technologist) to indicate (e.g.,
via user input) whether the imaged structure attribute
label(s) generated by the Al module(s) 606 are erroneous,
thereby facilitating further training and/or fine-tuning of the
Al module(s) 606.

As noted above, the intended structure attribute(s) 610
and/or the 1imaged structure attribute(s) 608 may additionally
or alternatively indicate the intended structure type and/or
the 1maged structure type, respectively. Thus, in some
instances, the Al module(s) 606 may additionally or alter-
natively be configured to determine structure type based
upon 1image data iput (e.g., visible light image(s) 604 of the
targeted structure for imaging during the imaging session
602). Discrepancies between intended structure type (as
indicated by the itended structure attribute(s) 610) and
imaged structure type (as indicated by the imaged structure
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attribute(s) 608) may thus be detected and handled 1in
accordance with decision block 612 and acts 616 and 618 of
FIG. 6.

Example Method(s) for Preventing Frrors in
Medical Imaging

The following discussion now refers to a number of
methods (e.g., computer-implementable or system-imple-
mentable methods) and/or method acts that may be per-
tformed 1n accordance with the present disclosure. Although
the method acts are discussed 1n a certain order and illus-
trated 1 a flow chart as occurring 1n a particular order, no
particular ordering 1s required unless specifically stated, or
required because an act 1s dependent on another act being
completed prior to the act being performed. One will appre-
ciate that certain embodiments of the present disclosure may
omit one or more of the acts described herein.

FIG. 7, FIG. 8, and FIG. 9 illustrate example flow
diagrams 700, 800, and 900, respectively, depicting acts
associated with preventing errors 1n medical imaging.

Act 702 of tlow diagram 700 of FIG. 7 includes receiving
a selection of a current 1imaging subject, the current imaging
subject being selected for a current 1image acquisition ses-
s10n comprising capturing one or more current images of the
current 1maging subject utilizing at least a first image sensor
system of a first imaging modality. In some 1nstances, act
702 1s performed utilizing processor(s) 202, storage 204,
sensor(s) 210, I/O system(s) 218, communication system(s)
220, and/or other components of radiography system(s) 222,
MRI system(s) 224, ultrasound system(s) 226, server(s) 232,
and/or other system(s) 228.

In some instances, receiving the selection of the current
imaging subject comprises recerving user input selecting the
current 1imaging subject. The first 1imaging modality may
comprise a medical imaging modality. The current 1maging
subject may comprise a medical patient.

Act 704 of flow diagram 700 includes accessing a set of
one or more previous images ol a previous 1imaging subject,
the one or more previous 1mages depicting the previous
imaging subject according to at least a second imaging
modality that 1s different from the first imaging modality. In
some 1nstances, act 704 1s performed utilizing processor(s)
202, storage 204, sensor(s) 210, /O system(s) 218, com-
munication system(s) 220, and/or other components of radi-
ography system(s) 222, MRI system(s) 224, ultrasound
system(s) 226, server(s) 232, and/or other system(s) 228.

The one or more previous 1images of the previous imaging,
subject are associated with one or more image capture
timepoints that temporally precede the current image acqui-
sition session. In some implementations, the second 1imaging
modality comprises a visible spectrum imaging modality. In
some 1nstances, accessing the set of one or more previous
images of the previous 1maging subject comprises accessing
a data repository of 1maging subjects based upon the selec-
tion of the current imaging subject. The one or more
previous 1mages may comprise one or more video frames. In
some 1nstances, the set of one or more previous 1mages of
the previous subject further comprises at least one previous
image depicting the previous subject according to the first
imaging modality.

Act 706 of flow diagram 700 includes presenting the one
or more previous images on a display system. In some
istances, act 706 1s performed utilizing processor(s) 202,
storage 204, sensor(s) 210, I/O system(s) 218, communica-
tion system(s) 220, and/or other components of radiography
system(s) 222, MRI system(s) 224, ultrasound system(s)
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226, server(s) 232, and/or other system(s) 228. In some
instances, the display system comprises a user interface of
the first 1mage sensor system of the first imaging modality.

Act 708 of flow diagram 700 includes, in response to
determining that the previous 1maging subject matches the
current 1imaging subject based upon the one or more previ-
ous 1mages of the second 1imaging modality, performing the
current 1mage acquisition session by capturing the one or
more current images of the current imaging subject utilizing
at least the first 1image sensor system of the first imaging
modality. In some 1nstances, act 708 i1s performed utilizing
processor(s) 202, storage 204, sensor(s) 210, I/O system(s)
218, communication system(s) 220, and/or other compo-
nents of radiography system(s) 222, MRI system(s) 224,
ultrasound system(s) 226, server(s) 232, and/or other system
(s) 228.

In some implementations, the first image sensor system 1s
configured to be prevented from acquiring the one or more
current 1mages of the current imaging subject unless the
previous 1maging subject matches the current 1maging sub-
ject. In some instances, determining that the previous imag-
ing subject matches the current imaging subject based upon
the one or more previous images of the second 1maging
modality comprises receiving user mput indicating that the
previous 1maging subject matches the current imaging sub-
ject. Determining that the previous imaging subject matches
the current 1maging subject may be further based upon one
or more audio recordings of the current 1maging subject. In
some 1nstances, the one or more current 1mages or the one
Or more previous images comprise one or more video
frames. The current image acquisition session may further
comprise capturing one or more additional current images of
the current 1imaging subject utilizing at least a second 1mage
sensor system of the second imaging modality (e.g., in the
form of single 1image frame(s) or video frames (which may
include accompanying audio)). The current image acquisi-
tion session may further comprise capturing patient audio
(e.g., to generate or update a voiceprint or voice signature).
Furthermore, 1n some implementations, the display system
of act 706 comprises a user interface of the second image
sensor system of the second 1maging modality.

Act 710 of flow diagram 700 includes associating the one
or more current 1mages with the previous imaging subject
within a subject data repository. In some 1nstances, act 710
1s performed utilizing processor(s) 202, storage 204,
sensor(s) 210, I/O system(s) 218, communication system(s)
220, and/or other components of radiography system(s) 222,

MM system(s) 224, ultrasound system(s) 226, server(s) 232,
and/or other system(s) 228.

Act 802 of flow diagram 800 of FIG. 8 includes receiving
a selection of a current imaging subject, the current 1maging
subject being selected for a current 1image acquisition ses-
s10n comprising capturing one or more current images of the
current 1maging subject utilizing at least a first image sensor
system of a first imaging modality. In some instances, act
802 1s performed utilizing processor(s) 202, storage 204,
sensor(s) 210, I/O system(s) 218, communication system(s)
220, and/or other components of radiography system(s) 222,
MRI system(s) 224, ultrasound system(s) 226, server(s) 232,
and/or other system(s) 228.

Act 804 of flow diagram 800 includes accessing one or
more previous audio recordings or one or more voice
signatures ol a previous imaging subject. In some instances,
act 804 1s performed utilizing processor(s) 202, storage 204,
sensor(s) 210, I/O system(s) 218, communication system(s)
220, and/or other components of radiography system(s) 222,
MM system(s) 224, ultrasound system(s) 226, server(s) 232,
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and/or other system(s) 228. The one or more previous audio
recordings may capture vocalization of the previous 1maging
subject at one or more audio recording timepoints that
temporally precede the current 1image acquisition session.
The one or more voice signatures may comprise one or more
models generated using a set of previous audio recordings
capturing vocalization of the previous imaging subject.

Act 806 of flow diagram 800 includes, in response to
determining that the previous imaging subject matches the
current 1imaging subject based upon the one or more previ-
ous audio recordings or the one or more voice signatures,
performing the current image acquisition session by captur-
ing the one or more current 1mages of the current 1maging
subject utilizing at least the first image sensor system of the
first 1maging modality. In some instances, act 806 1s per-
formed utilizing processor(s) 202, storage 204, sensor(s)
210, I/O system(s) 218, communication system(s) 220,
and/or other components of radiography system(s) 222, MRI
system(s) 224, ultrasound system(s) 226, server(s) 232,
and/or other system(s) 228.

In some 1mplementations, determining that the previous
imaging subject matches the current imaging subject based
upon the one or more previous audio recordings or the one
Or more voice signatures comprises (1) presenting the one or
more previous audio recordings on an audio playback sys-
tem and (11) receiving user input indicating that the previous
imaging subject matches the current 1maging subject.

In some 1mplementations, determining that the previous
imaging subject matches the current imaging subject based
upon the one or more previous audio recordings or the one
Or more voice signatures comprises (1) obtaiming a current
audio recording of the current imaging subject and (11)
performing voice authentication using the current audio
recording and the one or more voice signatures to determine
whether the previous 1imaging subject matches the current
imaging subject.

Act 902 of flow diagram 900 of FIG. 9 includes capturing
one or more 1images of a structure. In some instances, act 902
1s performed utilizing processor(s) 202, storage 204,
sensor(s) 210, I/O system(s) 218, communication system(s)
220, and/or other components of radiography system(s) 222,
MRI system(s) 224, ultrasound system(s) 226, server(s) 232,
and/or other system(s) 228.

Act 904 of flow diagram 900 includes accessing an
indication of one or more intended structure attributes, the
one or more mtended structure attributes being selected to be
embodied by the structure imaged during a current image
acquisition session. In some instances, act 904 1s performed
utilizing processor(s) 202, storage 204, sensor(s) 210, I/O
system(s) 218, communication system(s) 220, and/or other
components of radiography system(s) 222, MM system(s)
224, ultrasound system(s) 226, server(s) 232, and/or other
system(s) 228. In some 1mplementations, the one or more
intended structure attributes comprise an intended laterality.

Act 906 of flow diagram 900 includes determining one or
more 1maged structure attributes by utilizing the one or more
images ol the structure as input to one or more artificial
intelligence modules configured to determine structure attri-
butes based upon mput imagery, the one or more imaged
structure attributes comprising output of the one or more
artificial intelligence modules. In some instances, act 906 1s
performed utilizing processor(s) 202, storage 204, sensor(s)
210, I/O system(s) 218, communication system(s) 220,
and/or other components of radiography system(s) 222, MRI
system(s) 224, ultrasound system(s) 226, server(s) 232,
and/or other system(s) 228. In some instances, the one or
more 1maged structure attributes comprise an 1maged later-
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ality. The one or more artificial mtelligence modules may
comprise one or more convolutional neural networks.

Act 908 of tlow diagram 900 includes, in response to
determining one or more discrepancies between the one or
more i1maged structure attributes and the one or more
intended structure attributes, presenting a notification on a
user interface. In some instances, act 908 1s performed
utilizing processor(s) 202, storage 204, sensor(s) 210, I/O
system(s) 218, communication system(s) 220, and/or other
components of radiography system(s) 222, MM system(s)
224, ultrasound system(s) 226, server(s) 232, and/or other
system(s) 228. The notification may be configured to prevent
performance ol a current 1maging session using a first
imaging modality. The first imaging modality may comprise
a medical imaging modality. The first imaging modality may
be different than a second 1imaging modality associated with
the one or more 1mages captured 1n accordance with act 902.

Act 910 of tflow diagram 900 includes, in response to
determining no discrepancies exist between the one or more
imaged structure attributes and the one or more intended
structure attributes, enable performance of a current 1maging
session using a first imaging. In some instances, act 910 1s
performed utilizing processor(s) 202, storage 204, sensor(s)
210, I/O system(s) 218, communication system(s) 220,
and/or other components of radiography system(s) 222, MRI
system(s) 224, ultrasound system(s) 226, server(s) 232,
and/or other system(s) 228. In some implementations, the
first imaging modality comprises a medical imaging modal-
ity. The first 1imaging modality may be different than a
second 1maging modality associated with the one or more
images captured 1n accordance with act 902.

Abbreviated List of Defined Terms

To assist 1n understanding the scope and content of the
foregoing and forthcoming wrntten description and
appended claims, a select few terms are defined directly
below.

The terms “physician”, “clinician”, “radiologist”, and
“technologist” as used herein generally refer to any licensed
and/or trained person prescribing, administering, or over-
seeing the diagnosis and/or treatment of a patient or who
otherwise tends to the wellness of a patient. This term may,
when contextually appropnate, include any licensed medical
proiessional, such as a physician (e.g., Medical Doctor,
Doctor of Osteopathic Medicine, etc.), a physician’s assis-
tant, a nurse, a nurse practitioner, a medical 1maging tech-
nician, a dentist, a chiropractor, etc. and includes any
physician specializing in a relevant field (e.g., radiology).

The term “‘patient” generally refers to any animal, for
example a mammal, under the care of a healthcare provider,
as that term 1s defined herein, with particular reference to
humans under the care of a primary care physician, oncolo-
g1st, surgeon, or other relevant medical professional. For the
purpose of the present application, a “‘patient” may be
interchangeable with an “individual” or “person.” In some
embodiments, the individual 1s a human patient.
Additional Details Related to Computing Systems

Disclosed embodiments may comprise or utilize a special
purpose or general-purpose computer including computer
hardware, as discussed in greater detail below. Disclosed
embodiments also include physical and other computer-
readable media for carrying or storing computer-executable
instructions and/or data structures. Such computer-readable
media can be any available media that can be accessed by a
general-purpose or special-purpose computer system. Com-
puter-recadable media that store computer-executable
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instructions in the form of data are one or more “physical
computer storage media” or “hardware storage device(s).”
Computer-readable media that merely carry computer-ex-
ecutable 1nstructions without storing the computer-execut-

able instructions are “transmission media.” Thus, by way of >

example and not limitation, the current embodiments can
comprise at least two distinctly different kinds of computer-
readable media: computer storage media and transmission
media.

Computer storage media (aka “hardware storage device”)
are computer-readable hardware storage devices, such as

RAM, ROM, EEPROM, CD-ROM, solid state drives
(“SSD”) that are based on RAM, Flash memory, phase-
change memory (“PCM”), or other types of memory, or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be
used to store desired program code means 1n hardware in the
form of computer-executable instructions, data, or data
structures and that can be accessed by a general-purpose or
special-purpose computer.

A “network™ 1s defined as one or more data links that
enable the transport of electronic data between computer
systems and/or modules and/or other electronic devices.
When information 1s transierred or provided over a network
or another communications connection (either hardwired,
wireless, or a combination of hardwired or wireless) to a
computer, the computer properly views the connection as a
transmission medium. Transmission media can include a
network and/or data links which can be used to carry
program code 1n the form of computer-executable mnstruc-
tions or data structures and which can be accessed by a
general purpose or special purpose computer. Combinations
of the above are also included within the scope of computer-
readable media.

Further, upon reaching various computer system compo-
nents, program code in the form ol computer-executable
instructions or data structures can be transferred automati-
cally from transmission computer-readable media to physi-
cal computer-readable storage media (or vice versa). For
example, computer-executable instructions or data struc-
tures recerved over a network or data link can be buflered in
RAM within a network interface module (e.g., a “NIC”), and
then eventually transferred to computer system RAM and/or
to less volatile computer-readable physical storage media at
a computer system. Thus, computer-readable physical stor-
age media can be 1mcluded 1n computer system components
that also (or even primarily) utilize transmission media.

Computer-executable mstructions comprise, for example,
instructions and data which cause a general-purpose com-
puter, special purpose computer, or special purpose process-
ing device to perform a certain function or group of func-
tions. The computer-executable instructions may be, for
example, binaries, intermediate format instructions such as
assembly language, or even source code. Although the
subject matter has been described in language specific to
structural features and/or methodological acts, 1t 1s to be
understood that the subject matter defined in the appended
claims 1s not necessarily limited to the described features or
acts described above. Rather, the described features and acts
are disclosed as example forms of implementing the claims.

Disclosed embodiments may comprise or utilize cloud
computing. A cloud model can be composed of various
characteristics (e.g., on-demand self-service, broad network
access, resource pooling, rapid elasticity, measured service,
etc.), service models (e.g., Software as a Service (“SaaS”),
Platform as a Service (“PaaS”), Infrastructure as a Service
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(“IaaS™), and deployment models (e.g., private cloud, com-
munity cloud, public cloud, hybrid cloud, etc.).

Those skilled 1n the art will appreciate that the imnvention
may be practiced in network computing environments with
many types of computer system configurations, including,
personal computers, desktop computers, laptop computers,
message processors, hand-held devices, multi-processor sys-
tems, microprocessor-based or programmable consumer
clectronics, network PCs, minicomputers, mainirame com-
puters, mobile telephones, PDAs, pagers, routers, switches,
wearable devices, and the like. The mvention may also be
practiced in distributed system environments where multiple
computer systems (e.g., local and remote systems), which
are linked through a network (either by hardwired data links,
wireless data links, or by a combination of hardwired and
wireless data links), perform tasks. In a distributed system
environment, program modules may be located in local
and/or remote memory storage devices.

Alternatively, or in addition, the functionality described
herein can be performed, at least in part, by one or more
hardware logic components. For example, and without limi-
tation, 1llustrative types ol hardware logic components that
can be used include Field-programmable Gate Arrays (FP-
(GAs), Program-specific Integrated Circuits (ASICs), Appli-
cation-specific Standard Products (ASSPs), System-on-a-
chip systems (SOCs), Complex Programmable Logic
Devices (CPLDs), central processing units (CPUs), graphics
processing units (GPUs), and/or others.

As used herein, the terms “executable module,” “execut-
able component,” “component,” “module,” or “engine” can
refer to hardware processing units or to soiftware objects,
routines, or methods that may be executed on one or more
computer systems. The diflerent components, modules,
engines, and services described herein may be implemented
as objects or processors that execute on one or more com-
puter systems (e.g., as separate threads).

One will also appreciate how any feature or operation
disclosed herein may be combined with any one or combi-
nation of the other features and operations disclosed herein.
Additionally, the content or feature 1n any one of the Figures
may be combined or used 1n connection with any content or
teature used 1n any of the other Figures. In this regard, the
content disclosed 1n any one figure 1s not mutually exclusive

and 1nstead may be combinable with the content from any of
the other Figures.

Y 4

e 4

CONCLUSION

The present disclosure may be embodied 1n other specific
forms without departing from 1ts spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as 1llustrative and not restrictive. The scope
of the invention 1s, therefore, indicated by the appended
claims rather than by the foregoing description. While
certain embodiments and details have been included herein
and in the attached disclosure for purposes of illustrating
embodiments of the present disclosure, it will be apparent to
those skilled in the art that various changes 1n the methods,
products, devices, and apparatuses disclosed herein may be
made without departing from the scope of the disclosure or
of the mvention. Thus, while various aspects and embodi-
ments have been disclosed herein, other aspects and embodi-
ments are contemplated. All changes that come within the
meaning and range of equivalency of the claims are to be
embraced within their scope.
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What 1s claimed 1s:
1. A computer-implemented method {for preventing
wrong-patient errors, comprising:
receiving a selection of a current 1imaging subject, the
current 1maging subject being selected for a current
1mage acquisition session comprising ci1) capturing one
or more current images of the current 1maging subject
utilizing at least a first 1mage sensor system of a first
imaging modality and (11) capturing one or more addi-
tional current images of the current imaging subject
utilizing at least a second 1mage sensor system of a
second 1maging modality that 1s different from the first
imaging modality, the second image sensor system
being mounted to the first 1mage sensor system;
accessing a set ol one or more previous images of a
previous 1maging subject, the one or more previous
images of the previous 1maging subject being associ-
ated with one or more 1mage capture timepoints that
temporally precede the current 1mage acquisition ses-
sion, the one or more previous 1mages depicting the
previous 1maging subject according to at least the
second 1imaging modality that 1s different from the first
imaging modality;
presenting the one or more previous 1images on a display
system, the display system comprising a user interface
associated with control of the second 1image sensor; and

in response to determining that the previous imaging
subject matches the current imaging subject based upon
the one or more previous 1mages of the second imaging
modality, performing the current image acquisition
session by (1) capturing the one or more current 1images
of the current imaging subject utilizing at least the first
image sensor system of the first imaging modality and
(1) capturing one or more additional current 1mages of
the current imaging subject utilizing at least the second
image sensor system mounted to the first image sensor
system.

2. The computer-implemented method of claim 1,
wherein receiving the selection of the current imaging
subject comprises recerving user mput selecting the current
imaging subject.

3. The computer-implemented method of claim 1,
wherein accessing the set of one or more previous images of
the previous i1maging subject comprises accessing a data
repository ol 1imaging subjects based upon the selection of
the current 1maging subject.

4. The computer-implemented method of claim 1,
wherein the one or more current 1mages or the one or more
previous 1mages comprise one or more video frames.

5. The computer-implemented method of claim 1,
wherein the user iterface of the display system is further
associated with control of the first image sensor system of
the first imaging modality.

6. The computer-implemented method of claim 1,
wherein the set of one or more previous images of the
previous 1maging subject further comprises at least one
previous 1mage depicting the previous imaging subject
according to the first imaging modality.

7. The computer-implemented method of claim 1,
wherein determining that the previous imaging subject
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matches the current imaging subject based upon the one or
more previous images ol the second imaging modality
comprises receiving user mput indicating that the previous
imaging subject matches the current imaging subject.

8. The computer-implemented method of claim 1,
wherein determining that the previous imaging subject
matches the current imaging subject 1s further based upon
one or more audio recordings of the current imaging subject.

9. The computer-implemented method of claim 1, turther
comprising associating the one or more current images with
the previous 1maging subject within a subject data reposi-
tory.

10. The computer-implemented method of claim 1,
wherein the first image sensor system 1s configured to be
prevented from acquiring the one or more current 1mages of
the current imaging subject unless the previous 1maging
subject matches the current imaging subject.

11. The computer-implemented method of claim 1,
wherein the first imaging modality comprises a medical
imaging modality, the second 1imaging modality comprises a
visible spectrum imaging modality, and the current imaging
subject comprises a medical patient.

12. A computer-implemented method for preventing lat-
erality errors, comprising:

prior to performing a current 1mage acquisition session of

a structure using a {first imaging modality, capturing one
or more 1images of the structure using a second 1maging
modality that 1s different from the first imaging modal-
ity

accessing an mdication of one or more intended structure

attributes, the one or more intended structure attributes
being selected to be embodied by the structure for the
current 1mage acquisition session;
determinming one or more 1maged structure attributes by
utilizing the one or more 1mages of the structure of the
second 1maging modality as input to one or more
artificial intelligence modules configured to determine
structure attributes based upon mput imagery, the one
or more imaged structure attributes comprising output
of the one or more artificial intelligence modules; and

in response to determining one or more discrepancies
between the one or more 1maged structure attributes
and the one or more mtended structure attributes (1)
preventing performance of the current 1image acquisi-
tion session and (11) presenting a notification on a user
interface.

13. The computer-implemented method of claim 12,
wherein the one or more mtended structure attributes com-
prise an intended laterality, and wherein the one or more
imaged structure attributes comprise an 1imaged laterality.

14. The computer-implemented method of claim 12,
wherein the one or more artificial intelligence modules
comprise a convolutional neural network.

15. The computer-implemented method of claim 12,
wherein performance of the current 1image acquisition ses-
sion using the first 1imaging modality 1s conditioned on

detecting no discrepancies between the one or more 1imaged
structure attributes and the one or more intended structure

attributes.
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